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An Abfiract of Mr. BEtf JAMTN WESTV Account of the 
Tranfit of Venus*, as objervedat Providence, in NeW'Englanil, 
June 3</, 1769. 

yd S it appears by fome letters of the Ajlronomer Royal, which have 
■^ * been communicated to this Society, that moji of the Northern. 
Obfervers, both in Ruffia and Sweden, were greatly difappointed, by 
the unfavourable fiate of the weather, in their noble and public 
fpirited endeavors to obferve the late Tranfit ; the American 
Objervations have become of the greater importance, in order 
to a comparifon with thofe of Greenwich, and therefore the Society 
think it very material to preftrve in their Tranfailions, fuch of the 
Obfervations made on this Continent as they have been favored with. 
The Account of the Providence Obfervations, drawn up by Mr. 
WES T, was tranjmitted by Mr. JOSEPH BROWN, and being 
laid before the Society by Dr. Smith ; the following Abftracl there- 
of was ordered to be publifked at a Meeting, May \%th, 1770. 

" "^ 7t 7" HEN it became more rjenerally known that there 
VV would be a Tranfic of Venus in 1769, and the ad- 
vantages which were like to accrue to Aftro omy, and con- 
fequently to Navigation and Chronology, from proper ob- 
fervations of it, Mr. JOSEPH BROWN*, a very rcfpedable 
merchant of Providence, being very defirous, if poffible, to 
obtain an oblervation of it, was pleafed to advife with me, 
concerning an apparatus fuitable for fuch an oblervation, and 
to know if we fhould be able to oblerve the tranfit with the 
neceffary precifion for anfwering the important defign ? My 
anfwer gave him lb much fatisfaction in the matter, that he 
immediately lent his orders to his' correfpondent in Lon- 
don, 

• Reading Mr. Winthrop's account of the tranfit in 1761, was what firft 
occafioned Mr. BROWN to fend for a telefcope, fitted in the manner Mr. 
Winthrop there defcribes ; afterwards, taking notice of the application of the 
American Philofophical Society to the Aflembly of Pennfylvania, for an appa- 
ratus for obferving the Tranfit of Venus, he found the orders he had fent were 
incompleai : He then advifed with the author, as mentioned above, and there- 
upon ordered a micrometer to be added. — Mr. Brown's expence, in this 
landable undertaking, was little lefs than One Hundred Pounds flerling, be- 
fides near a month's time of himfelf and fervants, in. making tbe neceffary 
previous experiments and preparations. 
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don, to procure the inftruments. His orders were accordingly 
executed with fidelity and difpatch •, and the inftruments ar- 
rived in Providence about one month before the tranfit. Our 
apparatus was made bv Mefiieurs Watkins and Smith, Lon- 
don ; it confifted of a three feet reflecting telefcope, with hori- 
zontal and vertical wires for taking differences of altitude and 
azimuths, adjufted with fpirit-levels at right angles; and a 
divided arch for taking altitudes-, a curious heliofcope, together 
with a micrometer of a new and elegant conftrudtion, with rack 
motions, and fitted to the telefcope. Befides the beforementioned 
inftruments, we had a {"extant belonging to the government, 
made in Newport, by Mr Benjamin King, under the direc- 
tion of Jofeph Harrilon, Efq-, now Collector of his Majefty's 
Cuftoms for the port or Bolton ; its limb was divided to five 
miles, and by a vernier index to five feconds§. We had two 
good clocks, one of which was made in Providence, by Mr. 
Edward Spalding." 

" We had nothing to learn reflecting the apparatus, except- 
ing our new catadioptric micrometer, which, I have lately 
learned, is of Dollond's conduction ; not having any author 
by us, from which we could get the ufe of that curious inftru- 
mcnt, we were obliged to have recourfe to experiments. 
When the micrometer was fixed upon the telefcope, it was 
found by trial, that objects could nor be feen with the fame fo- 
cal diftance as when it was off, and we were obliged to fcrew up 
the fmall fpeculum nearer to the eye •, for which there is an 
optical reafon. From whence it was concluded, that objects 
fhould always be obferved in the moft diftinct point of view, 
the fame with the micrometer on as when it was off. The 
next thing to be done was to find the apparent diameter of an 
object (or the angle fubtended at the eye by two objects) by 
this inftrument. In order to this, we ftretched a cord, as 
ftraight as pofiible, one thoufand feet in length ; which was 

meafured 

§ And here we mud not forget the Hon. Abraham Redwood, E(q; of 
Newport, who, in order that Newport and Providence might both be fupplied 
with a fextact, for this lingular occafion, ordered one made at his own cod, 
for the ufe of the Revd. Dr. Stiles. I am fenfible Mr. Redwood, for fo pub- 
lic fpirtted an aftion, will receive the thanks of every well-wilher to fcicnce. 
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meafured feveral times over, in order to avoid miftake. At 
the end of the cord was fet two circular objects, made of white 
paper, in a line perpendicular to the cord, and exactly ten 
feet apart •, ftanding at the other end of the cord, and by 
opening the micrometer, we could bring the two images into 
an exact coincidence, or could make one of the images appear 
like two, and by bringing their limbs into contact, the dis- 
tance of their centers was thewn on the lcale, to the five hun- 
dreth part of an inch. Now from the rules of trigonometry, 
the angular difiance of the two objects was 34/ 22^,58 •, from 
thence it was known, how many inches and par's of an inch 
were anfwerable to that angle. Thefe experiments were re* 
peated every fair day (for no other was luitable for thefe ob- 
servations) till we could many times going find the diameter of 
a body to a fecond of a degree. From thefe obfervations wc 
were enabled to make a table for the micrometer, as far as the 
fcale extended. Thefe experiments were carried yet farther ; 
for, by looking at two bodies whole diltance from each other 
was known, we could tell their diftance from the place of ob- 
fervation, to a critical exactnefs ; and this was proved by ac- 
curate menfuration. Thefe were certainly very diverting ex- 
periments to an inquifitive mind ! The gentlemen who afiifted 
us through thefe experiments, and Hkewife in the reft of our 
work, were the Hon. Stephen Hopkins, Elq; Mr. Mofes 
Brown, Dr. Jabez Bowen, Jofcph Nafh, Efqj and Capt. 
John Burrough," 

" The regulation of our clocks, being of the utmoft confe- 
quence in this affair, was what next commanded our attention. 
In this part of the work we endeavoured to arrive at as great 
a degree of certainty as the nature of the cafe would admit. — 
Several workmen were employed in laying a platform, of fea- 
foned pine plank, as fmooth and level as art could make it : 
This was fecured from rain, or other moifturc, that it might 
not warp when expofed to the Sun. We examined this plat- 
form three times a day (when the weather would admit of ir) 
with a very long level. On the fouth fide of the platform, and 
exactly perpendicalar to it, we erected a ftile ten feet high •, 
this was likewife examined three times a day. We next per- 
forated 
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forated a piece of board, into which was fixed the glafs of a 
fcioptric ball, fo that the center of the glafs was exactly in the 
center of the perforation •, this board was fo cut, ami let in at 
the top of the ftile, that it turned upon an axis, in fuch a 
manner, that the center of the glafs did not alter its pofition. 
The Sun's rays were tranfmitted through the lens upon the 
platform, where they were formed into a bright fpot, and very 
diftinctly defined. From the cencer of the lens was let fall a 
perpendicular upon the platform •, from that point, as a cen- 
ter, was drawn a great number of concentric circles, for taking 
correfpondent fhades, in order to trace a meridian line; and, 
asourwifhes would have it, the weather proved favourable 
for this work. When the line was drawnj, 1 found, from 
calculation, it declined 3' in time, ealt of the true meridian ; 
this error arofe from the increafeof the Sun's declination, 
between the times of forenoon and afternoon fhades •, this fmall 
equation of 5' was allowed for in regulating the clocks." 

" As we were willing to have every corroborating circum- 
fiance to prove our work, we made ufe of the method of cor- 
refponding altitudes of the Sun, forenoon and afternoon. . he 
fextant and reflector were both employed in this bufinefs for 
feveral days proceeding the tranfit (and the day following) in 
o. der to alcertain the going of the clocks. In the laft method 
(as in that of correfponding fhades) the equation of time, an- 
fwerable to the increafe of declination, ought by no means to 
be neglected. The whole procefs was conducted with the ut- 
moft caution, that no errors might tfcape our notice. We 
found upon the whole, a furprizing agreement in thefe two 
methods of regulating clocks j they were feldom found to dif- 
for a fingle fecond." 

" Being in this readinefs, the morning of tie third of June 
was ufhered in with that ferenity the bufinefs of the day re- 
quired •, all was calm, and not a cloud to be feen. The gen- 
tlemen concerned in the bufinefs convened very early at the 

place 

t The magnetic needle, being placed on hit exaft meridian line, wai 
found 10 differ from it 6° £ weftwaid. 



[ ioi ] 

p T ace of obfervation, to fee that every thing was in order ; and 
at the fight of fuch a morning, the gladnefs of their heart was 
vifibly cxpreffed, by the pleafure of their countenance." 

" At noon we examined the going of the clocks, as the Sun 
patted the meridian, and found them very regular." 

" We began to look for the firft contact of Venus with the 
Sun, at leaft 15 minutes before the time given by calculation, 
to get as early a fight of it as poffible. Venus was firft per- 
ceived, by making a dent upon the fuperior limb of the Jun, 
at 2h. 29'. 43''. i\ M. apparent time. But, as it is likely tht 
exterior contacts will be given different, by different obfervers, 
they can be of but little coniequence in this affair. The 
greateft attention was given to the interior contact ; this was 
at 2 h . 46'. 35". apparenc time||. From a mean of a number of 
good obfervations, the apparent diameter of the Sun was 
31'. 40". 65, and that of Venus 58''66 •, though I could not 
nuke it myfelf more than 58''', which was the fame we found 
it about a fortnight before the tranfit. The proportion of 
their diameters was nearly as 1 to 33. The neareft approach 
of their centers, at the middle of the tranfit, was taken with 
the micrometer, and found to be 10'. 5"." 

" The proportion of the diftances of the Sun and Venus 
from the earth, ar that time, was as 3,5 143 to 1 ; then (allowing 
the Sun's parallax at his mean diftance to be 8*, 68 ihe lame 

O it 

|| At the moment of interior contaft, the Sun's altitude was taken, with 
the fexwnt, by Mr. Mofes Brown, and by the lUle by Capt. John Burrough ; 
and both gave the time with the clocks within two feconds Ihe toeal ingref* 
was nor fo inltantaneous as I did expe&it would be, but the bright cufps of 
the Sun, as they incompafted Venus, were much more obtufe, and there 
feemed to be a faint jun&ion of their limbs for at leaft 4 feconds ; the moment 
this penumbra) ligament broke, 1 proclaimzd the time ; at firft I fufpefled 
the telefcope was not adjufted to a proper focus ; but afterwards, by looking 
at the folar fpots, &c. I was convinced of the contrary. During the time we 
faw Venus upon the Sun, (he appeared to be furrounded by a ring of a yel- 
lowifh colour ; its width was about one tenth of the diameter of Venus. We 
faw nothing that might be taken for a fatellite. 
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it was found the 6th of June, i?6i) the parallax of Venus 
was 3o',04 ; the difference of their parallaxes u',49 is the 
parallax of Venus from the Sun. The angle between the vifi- 
ble way or Venus and the ecliptic, 8°. 34'. 17' j and the angle 
made by the axis of the ecliptic and equator, 7 . 3' 7'; their 
fum, 15 . 37' 24', was the angle between the axis of the 
vifible wiy of Venus, and the Earth's axis. The tranfit line, 
from total ingrefs to the middle of the tranfit (meafured in time 
by the vifible motion of Venus) was 2 h . 55'. %6* ■, but Venus 
was more accelerated in her orbit (by parallax in longitude) at 
the middle of the tranfit, than at total ingrefs ; this difference 
Of acceleration was 1 '. n" j therefore from the total ingrefs to 
the middle of the tranfit was 2n. 54'. 3V 



app. time, 



" Venus's parallax in longitude, at the middle of the tran- 
fit, was x 8",7 •, this was paffed over by Venus's vifible motion 
in 4'. 44" •, fo that the middle of the tranfit, as feen from the 
center of the earth, was at 5*. 43'. 6'' mean time. The true 
conjunction was 23'. 21 '' before the middle of the tranfit, as 
feen from the earth's center \ confequently the true conjunc- 
tion was at 5*. 19'. 45'', mean time. At which time, the 
place of the Sun and Planet was Gemini 1 3". 27'. 3'; and the 
geocentric latitude of Venus io'. io/,8 north. But her helio- 
centric latitude was 4'. 6^,51 ; and by the rules of fpherical 
trigonometry, the afcending node of Venus was i°. 9'. 23^,5 
in confequence of the Sun, or in Gemini 14 . 36'. 26", 5." 

" From the foregoing calculation it appears that the mean 
motion of Venus is 37^ forward of what it ftands in Dr. Hal- 
ley's tables, and her afcending node 2'. 41'." 

•■ It 

• When I calculated this tranfit, I fuppofed the longitude of our place to be 
much lefs than we have fince found it by obfervation. by correcting that 
error, the error in calculation will appear to be incon/iderable. 



Thence I conclude, that the 
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" It is probable Dr. Halley's folar numbers need lome cor« 
re&ion likewife j the following may not be far from truth, viz , 
add to Dr. Halley's mean motion of the Sun, for any year of 
the Chriftian aera, 25', and to the apogee 6'. 18* •, for each 
century after 1700 add t4 // ,666 to the mean motion, and to 
the apogee 3' 53* •, then by making uie of the Parifian^[ 
equation of the Sun's center, his place may be had within a 
(null matter of truth." 

" By taking the mean of a number of o' fervations, the lati- 
tude of our obfervatory was found to be4i°. 50'. 41' north§. 
The longitude was obtained by obierving theemerfions of Ju- 
piter's fatellites, compared with the corresponding obfervations 
made at Cambridge, in New-England, by Mr. Winthrop, 
•which he was fo kind as to favour us with •, and for which we 
return him our fincere thanks Piovidence was found to be 
16' in longitude weft from Cambridge. Mr. Winthrop has 
hitherto found the longitude ot Cambridge to beyi®. weft 
from the Royal Obfervatory at Greenwich ; fo that the longi- 
tude of Providence is about 71 16' from the Royal 
Obfervatory." 

*' I shall now give the reader a fhort account of the parallax 
herein mentioned, and how the planets are affected thereby." 

*' The horizontal parallax of the Sun is that angle at the 
Sun's center, which is included between two lines fuppofed to 
be drawn, one from the Sun's center to the center of the earth, 
the other from the Sun's center to the furface of the earth. Or, 

O 2 in 

f According to the Parifian hypothecs, the eccentrity of the earth's orb fs 
1680 parts, of which the mean dmance of the earth from the Sun is 100,000. 

§ The latitude of the place being of great confequence, arid the fextant and 
itile not giving it exactly alike, the perfevering Mr Brown contrived to make 
life f the micrometer as a lens, which he placed on his houfe, twenty feven 
feet hifh, and exactly perpendicular to a center on a horizontal platform 
beiow, on which was drawn a meridian line ; the Sun's image on this platform 
was feen to move very fenftbly. By this the latitude was finally determined. 
The Sun's meridian altitude, being taken for feveral days by this Ions; ftile, 
the latitudes thence found did not differ from eacn other more than 1 5 feconds. 
At the time this, was done, we haa f en no account that a gfafs had been made 
uie of, as here described ; but fince this went to the piefs, we learn from Dr. 
Lota's aitionomy, that he foun'd the latitude of Cambridge, in England,- by 
the fame method. 
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in other words, it is the angle, under which the femidiameter 
of the earth would appear to an eye, at the center of the Sun, 
The way that parallax affects the Sun and Planets is, it makes 
them appear below their true places in the heavens, except 
they be in the zenith of the obferver ■, in that cafe parallax hach 
no effect at all ; and the reafon is, becaule the obferver is in 
that right line which joins the centers or' the earth and planet, 
Parallax may affect the planets places ieveral ways ; as if the 
obferver mould view the planet upon a vertical, cutting the 
ecliptic at right angles ; in this cafe, parallax will affect its 
place in refpect to latitude only; but if the obferver be fitu- 
ated in the plane of the ecliptic, it will then alter its place, in 
refpect to longitude only •, and if the planet be viewed in an 
oblique pofition, with refpect to the ecliptic, parallax will af- 
fect its place both in longitude and latitude. The horizontal 
parallaxes of the planets are to each other in a reciprocal pro- 
portion to their diflances ; that is, the planets which are 
neareft have the greateft paralkix, and thofe which are moll 
remote, theleaft, Thence it follows, if two planets are view- 
ed together, that which is neareft will appear juft fo much be- 
low the other, as what the difference of their parallaxes is. 
The nearer a planet is to the horizon of the obferver, the 
greater is its parallax, and in the horizon it is the greatell 
poffible-, and is then called the horizontal parallax." 

" Hence comes the method of inveuigating the Sun's 
parallax, from obfervations ofVenus on his difc. At the time of 
the tranlit, the third day of June, Venus was much nearer to 
the earth than the Sun was, and, of confequence, was much 
more affected by parallax. This effect was produced in a two- 
fold manner, in relpect to us in the northern regions of our 
earth. Firft, Venus was depreffed upon the Sun, by parallax 
in longitude, bringing her to a conjuction with the Sun fooner 
to our point of view, than to a fpectator at the center of the 
earth. In the fecond place, {he was carried nearer to the center 
of the Sun, by parallax in latitude, thereby lengthening the tran- 
fir-line -, borh which effects confpired to accelerate the time of 
firft interior contact. Now to an obferver in Great-Britain, pa- 
rallax had a ftill greater effect, by what is fajd before : That 
is, fome minutes paffed after the cont2£t was formed to the 

obferver 
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obferver there, before it was feen by us. Now the difference 
of longitude, between the two places of obfervation, being 
accurately known, the effect or parallax, between the two 
places, is likewife known ; for the difference of longitude, by 
thefe obfervations, will be confiderably lefs than the true dif- 
ference." 

" The method of calculating the Suns' parallax, from thefe 
obfervations, is by trial ; the parallax will be fuppofed of that 
quantity, which the obfervations found it in i 61 ; hence the 
total effect of parallax, at each place of obfervation, muft be 
computed •, and if it mould be the fame as given by ob- 
fervation, it will prove the affumption to be juft ; but if, by 
obfervation, it mould be greater or lefs than by calculation, 
the Sun's parallax will turn out to be greater or lefs in the fame 
proportion.— When the Sun's parallax is known, the diftance 
of the earth, and of all the planets, from the Sun, will be 
known likewife." 

CBSER V ATIONS of the Transit of VENUS over the 
SUN, and the Eclipse o the UN, on June 3d, 1769. 
Made at the Royal Observatory, Greenwich. By the 
RevL NEV1L MaSKELYNE, B. D. F. R. S. and 
A flronomer Royal. 

Communicated to the Society, By Dr. SMITH, and ordered to be 
publifbed, at a Meeting, May 18//6, 1770. 

TH E weather, which had been cloudy or rainy here, 
with a louth wind, for the greateft part of the day, 
began to clear up at 4 o'clock in the afternoon, the wind 
having returned to the weft, the fame quarter in which it had 
been the afternoon before, which was remarkably fine and fe- 
rene, though it changed early in the morning preceding the 
tranfu. Towards the approach of Venus's ingrefson the Sun, 
the fky was become again very ferene, and fo; continued all 
the evening, which afforded as favourable an obfervation of 
the tranfit here as could well be expected, confidenng that the 
Sun was only y°. 3' high at the external, and 4". 33 at the 
internal contact. I observed the external contact, of Venus at 
7 b , 10'. 58* apparent time, with an uncertainty feemingly not 

exceeding 



